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Scope of work:
This project takes the following forms of research and development activities:
x

Stage 1 – Acquisition of appropriate equipment
In order to develop a visually guided smart welding robot, it is essential to acquire the
following equipment for further development:
(a) UR3 robot
The Collabrative Robot, that can interact with people and the protective guard
removed, from Universal Robots. It has a pay load of 3 kg and 6 degree of freedom.
It costed HKD 160,000.
(b) Depth cameras
The Kinect v2 of Microsoft Xbox 360 was used. It provides both RGB images and
Depth images from Infra-red scanning. A ROS compatible driver was found and that
publishes point-clouds. It costed RMB 1,500.
(c) Laser scanner
Keyence LJ V7200 was chosen. It can scan 2D profiles at a distance of 200mm away
from the scanner. It costed HKD 165,000.
(d) Hexapod for global movement of smart robot
PhantomX AX Metal Hexapod Mark III Kit from Trossen Robotics was used. It was
chosen because it could be reprogrammed to work on the ROS platform and be
integrated with the UR3 robot arm. It costed USD 1,300.
(e) Software development platform
Ubuntu 16.04 was used as the Operating System. This required by ROS (the Robot
Operating System). Programs, routines and algorithms were developed in C++.
Visualization of robot movements and operating environment were done in RViz
package of ROS. Positioning, locating of the workpiece and welding groove were
done using the Point Cloud Library. The MoveIt! Package of ROS and the Descartes
package of ROS-Industrial were used to plan the movement and drive the robot arm(s).
These software are all Open Source and can be freely downloaded from various
websites.

x

Stage 2 – Software development for welding path identification using image-processing
and pattern-recognition technique

At this stage, an image-processing and pattern-recognition system programmed in C++ is
established for the following purposes:
a) to locate the workpiece that lies flat on a table and drive the robot arm to traverse first
a straight groove then a curvy groove;
b) to locate the workpiece with vertical welding groove on a steel frame and then track
the designated welding path automatically;
c) to identify the welding paths of column splices made of circular hollow sections;
d) to identify the welding paths of column splices made of square hollow sections.
x

Stage 3 – Generalization of image-processing and pattern-recognition system serving for
different welding scenarios
At this stage, an image-processing and pattern-recognition system coded in C++ will be
generalized for on-site welding application. The smart welding robot is expected to work
in a building site with workpieces of random shapes and orientations. It shall be capable to
serve various welding scenarios. The visual sensors, cameras, can be placed in appropriate
positions but do not need careful alignments. This will help to achieve truly flexible and
practical application in building sites.

Project progress:
Remarkable progresses on Stage 1 and 2 has been made in 2018:
x

Workstation setup in the Industrial Centre of PolyU (Room W001)
-

In March of 2018, a horizontal curvy welding groove on a large piece of wooden board
was prepared for experiments of “Welding path identification”.

x

In July of 2018, a UR3 robotic arm has been acquired.

Software development for welding path identification using image-processing and patternrecognition technique
A suite of software programs for welding path identification has been written in C++, and
then applied on the ROS platform for precise maneuvering of the UR3 robotic arm. After
successful establishment of this software, a table top UR3 robot arm was then installed in
our Workstation in late September 2018.

Workstation in the Industrial Centre of PolyU for R&D on “Visually guided robot welding system”

Based on the research findings on 3D scanning and measurement in 2017, 3D laser
scanning technique is applied for precise 3D measurement of welding grooves, and hence,
the location and the total volume of the welding grooves can be directly obtained. It should
be highlighted that 3D reconstruction of the welding groove in the software with reference
to the location of laser scanner.
x

Setup of ROS platform for precise maneuvering of UR3 robotic arm
In order to ensure a reliable and stable control of the robotic arm movement in the ROS
platform, the UR driver for ROS have been successfully installed. All the drivers and
software were finally integrated with the MoveIt! Package, and then 3D reconstruction of
welding groove and robotic arm was successfully visualized in RViz as shown.

3D visual reconstruction of welding groove and robotic arm in RViz

There, the robot arm shown in orange colour is the goal pose. The light blue sphere is the
target position of the end-effector of the robot arm. The Red circle and Red arrow show
the rotation and axis of the x-axis, the Green ones for the y-axis and the Blue ones for the
z-axis. So, one can try out the path and movement planning of the robot arm in the RViz
before actually moving the real robot arm.
x

Integration with Depth Camera
A Microsoft Xbox 360 Kinect v2 depth camera has been acquired in August 2018, and
then a number of calibration tasks has been successfully completed.

Calibration of depth camera

With the help of this depth camera, we were able to capture point clouds of the table where
we had placed the UR3 robot arm.

Capturing of point clouds in the weld groove 3D reconstruction experiment

After processing these point-clouds, welding grooves of various workpieces can be
identified. Accordingly, a series of waypoints can be generated, and hence, they were fed
into the Descartes path planning package in ROS-Industrial. It then generated the robot
arm trajectory in the joint space and drive the UR3 to move along the groove.

A laser pointer, emulating a welding torch, traversing the welding groove
The 3rd stage of the project is now being prepared. The point-clouds of a 3-dimensional
welding groove between cylindrical hollow sections were captured as shown in RViz
below. There, more than one Kinect v2 depth cameras were needed. They produced more
than one point-cloud. Stitching these point-clouds into one coherent point-cloud is being
worked on. The stitched point-cloud can be used to identify the welding groove. In a more
general situation in building sites, many more visual sensors, or cameras will be needed.
The challenge will then be working out their relative positions to each other and to the
robot arm and the workpiece(s). That would be the work of the final stage of the project.

2 Kinect depth camera captured 2 point-clouds showing the cylindrical hollow section

Project deliverables:
The following key deliverables are expected from this project:
1.

A prototype system that can be placed in a true building site. With the help of
operator(s), indicating where a welding task begin and end, will automatically locate the
welding path without explicit teaching/programming or detailed and accurate alignment
of the sensors and robot(s).

2.

A copy-righted algorithm that automatically work out the relative positions of the
sensors, robots and workpieces.

3.

A patent of the method used in the above prototype, algorithm for visually guided
automatic welding system.

Project significance
There are a lot of interests and talks of advances both in computer vision and robotics in recent
years. However, truly practical applications of these new technology in industry, especially the
construction industry are rare if not none. This project aims to not only to prove ideas in
laboratories but also seriously consider challenges will be faced in building sites and to meet
them face by face. Though this project focuses on welding of constructional steel works.
Construction processes of other nature can also be benefited by this project. For it can be shown
as an illustration that robots can be used rather conveniently in building sites without the need
of time consuming and tedious setup and alignments.

Future Work
In the coming year or up to 18 months, the remaining stages of the project will be finished.
Once these are finished or could even be in parallel with the remaining stages, work can be
started to widen the area of reach for robots in building sites. Locations in building sites that
are difficult to reach or dangerous for workers to reach will need the help of robots. The
hexapod that we have acquired was purposed for this kind of work. Electro-magnet will be
installed on the foots to enable it to attach to steel structures. With the six legs that it has will
let it crawl along beams and columns of many different shapes and orientations. The challenges
will be carrying the welding machine, welding wire, gas cylinders, and the power supply. With
the help of flux cored welding wire, the gas cylinder can be do away with. Work must be done
on building a battery powered welding machine.

